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Varying constants cosmologies Modified field equations
e Are alternative to inflationary cosmology e We can define the functions f(¢) and ¢(¢) as
— Can .s;olve all the c?smological problems -(horizon, flatness, monoPole, singularity) 2 R G(t) A Gt G(t) (1)
— Varying speed of light and varying gravitational constant theories are one of the f(t)=~vH", g(t)=~vH*+—=1|5 H - 2 0
most explored 2\ c(t) G(t) 3H G(t) c(t)
— There is not any direct observational evidence of varying speed of light but th2ere e By using these general functions we have modied field equations
are many indirect evidences. For instance, the fine structure constant a = +— is ,
suggested to change and it involves the speed of light ¢ as well. <g> _ SWG(t)p -
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Entropic cosmology _ y
e Curvature of the space-time proportional to the stress energy + surface terms (entropic
terms) e ~N
e Gravity is still the fundamental force here .
Observational parameters
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Ry — §gWR A + Entropic Terms e In the multiple fluid scenario, using barotropic equation of state p; = w;p;, the continuity
_ | _ equation takes the form
e [he acceleration equation will be ] ]
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e Entropic force terms (boundary terms) are supposed to be responsible for the current e The solution for each tluid, once we use our ansatze, ¢ = ¢pa” and G = Goa?, is:
acceleration as well as for an early exponential expansion of the universe PO .20 ¢x
/Oi p— 5 Hl—ya/ ) (77n7Q>
\ . Hy ™
P N Varying ¢ = cya” Varying G = Gyal
. ° . . C _ o n<2_7’7> G - .
Entropic force field equations and varying constants frlvom) = =3 |1+ w; + 420 FE(.a) = =3 1+ wi + 7|
e The main idea of our consideration is to assume homogeneous Friedmann geometry 5 0 a1 5 0 a1
and generalize field equations which contain the entropic force terms f(¢) and g(t) E° = (%) = {ZZ 1_i’?yafi (’Y,n)} ' E* = (%) = {aq D i 1_1',%&]2 (75 Q)} 7
onto the case of varying speed of light ¢ and varying Newton gravitational constant &G
theories. The modified Einstein equations can be written down as follows \_ J
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i 4G 3, Data analysis: SNela, BAO and CMB
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e The modified continuity equation reads as 00025
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Gravitational thermodynamics and varying constants : : Observ%tional parameters ?f the entropic models ugder stu%: .
a. m b q/mn Y & B m
e We generalize the Hawking temperature T' and Bekenstein entropy .S for the varying c G =Gy a? 0.314 g 0.0453 700 06987y g0r  0.048%5 < 0.022 014170 31067500 —19.044%4110 —0.071 7005,
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; (Left panel.) Varying ¢ = copa” scenario: 68% and 95% confidence levels for n and ~.
T = Yhe(?) S = b | (H)AR) (Right panel.) Varying G = Gya? scenario: 68% and 95% confidence levels for ¢ and ~.
QWkBTh(t)7 4h G (t) 7
\- J

where A(t) = 4mr5(t) is the horizon area and < is an arbitrary and non-negative
parameter, theoretically assummed to be the order of unity O(1)

e By using the first law of thermodynamics for non adiabatic expansion of the universe

di;  dV dsS
dt
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where horizon radius, r;,(t) = <. V() = 3V(£)H(t) and E(t) = e(t)V (¢), £(t) =
p(t)e(t).
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